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1. INTRODUCTION 
 

In manufacturing, energy-saving is one of the 

most considerations which many production 

companies have been trying to reduce for getting the 

best competitive products with others. In order to 

guarantee competitiveness, the process chain 

performance and efficiency have to be measured and 

optimized. In traditional optimization, the designers 

and manufactures normally focus on single 

manufacturing steps, although there are several 

individual process steps. However, it is not sufficient 

to optimize the whole process chain because the 

inputs will be described the suitable outputs 

manufacturing step for a successful at the same time. 

In this paper, a holistic process optimization is 

proposed to optimize the energy consumption of pre-

forging process which includes: inductions heating, 

hot shearing and roll forging process (Fig.1). Pre-

forging process is very important to prepare for 

forging crankshaft step with high productivity, green 

technology. It requires a huge of amount energy to 

assure the energy of workpiece with large volume in 

the range of 1150~1250°C. 

There are many researches about holistic design 

optimization to minimize energy efficiency. A 

method was applied to analyze energy in a broad way 

and design optimized [1], the energy scenarios have 

to follow the important scientific principles. 

Furthermore, to assure the final energy of heating 

process in production of automotive crankshaft, a 

holistic process was introduced and optimized base 

on simulation method [2]. The behavior of induction 

heating system was showed and energy is also 

minimized in final results with the consideration of 

process parameters.  

 

 

Fig. 1 - Hot forging process of automotive crankshaft 

production line 

To improve the energy efficiency in whole pre-

forging process and obtain the target temperature for 

forging process at 12200C, this research proposes a 

holistic optimization method base on simulation and 

defines the interaction between each process for 

optimizing energy consumption.  

 

2. HOLISTIC OPTIMIZATION OF PRE-

FORGING PROCESSES IN 

AUTOMOTIVE CRANKSHAFT: A 

CONCEPT REVIEW 
 

Products are usually manufactured in sequenced 

steps. For a holistic dimensioning of such process 

자동차 크랭크샤프트 생산을 위한 단조 공정 이전 단계
들의 총괄적 최적화 개념 
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chains, the knowledge of the transfer parameter of a 

single element of the process chain is important. The 

output of one manufacturing step is considered to be 

the input for the next following step. The collectivity 

of the transfer of parameters between two elements of 

process chain is the transfer-condition, which is 

described as technological interface in production 

system.  

The holistic process is showed in Fig. 2. Firstly, 

each process will be analyzed to generate the 

engineering model and determine the 

interrelationship between each process after single 

optimization of each process. Additionally, base on 

engineering model, energy of each process will be 

analyzed and formulation with effect factor in each 

processes.  

 

Fig. 2 Holistic optimization work flow of pre-forging 

processes in automotive crankshaft 

manufacturing. 

Then, the multi-objective is used to combine 3 

objective energy functions of induction heating, hot 

shearing and roll forging. Thereby all energy related 

input and output flows are explicitly considered. This 

allows an integrated evaluation combining objectives 

as availability of the system with energy consumption 

patterns respectively energy cost impact. Finally, the 

best process parameters are obtained through 

optimization of a single objective optimization 

problem. The total energy consumption will be 

compared to the current system with the target 73% 

in using energy efficiency of forging process. 

 

4. CONCLUSION 
 

The propose method for holistic optimization 

process chain of automotive crankshaft production 

focus on a process spanning consideration of 

technological dependences in term of energy saving. 

The single processes have been evaluated and the 

results will show the interaction between multiple 

manufacturing processes. By using the holistic 

optimization, the energy consumption has a high 

potential to be reduced and adaptability for new 

processes 
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